Recent works have shown that the thermal inertia of km-sized near-Earth asteroids (NEAs) is more than two orders of magnitude higher than that of main belt asteroids (MBAs) with sizes (diameters) between 200 and 1,000 km. This confirms the idea that large MBAs, over hundreds millions of years, have developed a fine and thick thermally insulating regolith layer, responsible for the low values of their thermal inertia, whereas km-sized asteroids, having collisional lifetimes of only some millions years, have less regolith, and consequently a larger surface thermal inertia.
Introduction
Thermal inertia is a measure of the resistance of a material to temperature change. It is defined by Γ = √ ρκc, where κ is the thermal conductivity, ρ the density and c the specific heat. Γ is a key parameter that controls the temperature distribution over the surface of an asteroid. In the limit of zero thermal inertia the surface of an asteroid is in instantaneous equilibrium with the solar radiation and displays a prominent temperature maximum at the sub-solar point. In the realistic case of a rotating asteroid with finite thermal inertia the temperature distribution becomes more smoothed out in longitude with the afternoon hemisphere hotter than the morning one (see e.g.
Delbo ' and Harris, 2002; Delbo' , 2004; Mueller , 2007 , and references therein).
Acquisition of temperature data (e.g. from thermal infrared observations at different wavelengths around the body's heat emission peak) over a portion of the diurnal warming/cooling cycle can be used to derive the thermal inertia of planetary surfaces by fitting a temperature curve calculated by means of a thermal model to the observed data. Asteroids surface temperatures depend also on the bodies' shapes, inclination of their spin axis and rotation rates.
For those objects for which this information is available the so-called thermophysical models (TMPs) can be used to calculate infrared fluxes as function of the asteroid's albedo, thermal inertia and macroscopic roughness. Those parameters are adjusted until best fit to the data is obtained (see Mueller , 2007 , and §2 for details)
Knowledge of the thermal inertia of asteroid surfaces is important for several reasons:
(1) thermal inertia is a sensitive indicator for the presence or absence of thermally insulating loose material on the surface such as regolith or dust (see e.g. Christensen et al., 2003) . The value of Γ depends on regolith depth, degree of induration and particle size, rock abundance, and exposure of solid rocks and boulders within the top few centimeters of the subsurface (i.e. a few thermal skin depths). Typical values of Γ in (S.I. units J m −2 s −0.5 K −1 ) are 30 for fine dusts, 50 for the lunar regolith, 400 for coarse sands (note that a thermal inertia of 400 for coarse sand assumes the presence of some atmosphere, even if as thin as the Martian one), and 2500 for bare solid rocks (Mellon et al. , 2000; Spencer et al., 1989; Jakosky, 1986, see also http://tes.asu.edu/TESworkshop/Mellon.pdf). Information about thermal inertia is therefore of great importance in the design of instrumentation for lander missions to asteroids such as the Marco Polo of the European Space Agency, because it allows one to have information about the soil and sub-soil temperatures and the make up of asteroid surfaces.
(2) The presence or absence and thickness of the regolith on km-sized bodies can give hints about the internal structure of asteroids: recent work by Michikami et al. (2007) showed that small asteroids (with sizes ∼1 km)
can capture collisional debris and build up regolith if their tensile strength is not high;
(3) Thermal inertia affects the strength of the Yarkovsky effect (see Bottke et al., 2006 , and references therein) which is responsible for the gradual drifting of the orbits of km-sized asteroids and is thought to play an important role in the delivery of near-Earth asteroids (NEAs) from the main belt (Morbidelli and Vokrouhlický , 2003) , and in the dynamical spreading of asteroid families (see Bottke et al., 2006) .
(4) Understanding asteroid thermal inertia is important to estimate and reduce systematic errors on sizes and albedos of asteroids, when the these are determined by means of simple thermal models such as the Standard Thermal Model (STM; Lebofsky and Spencer , 1989) neglecting the effect of the rotation of these bodies and their thermal inertia (Delbo' and Harris, 2002; Delbo' , 2004) .
To date the value of the thermal inertia has been derived for seven large mainbelt asteroids (MBAs) (Müller and Lagerros, 1998; Müller and Blommaert, 2004; Mueller et al. , 2006) and six NEAs (Harris et al., 2005 (Harris et al., , 2007 Mueller et al. , 2004; Mueller , 2007; Müller et al., 2004) . Moreover, the mean value of Γ was estimated for the NEAs with multiwavelength thermal infrared data, the latter believed to be representative of the thermal inertia of NEAs with sizes between 0.8 and 3.4 km (Delbo' et al., 2007) .
By comparing MBA and NEA thermal inertia values, an inverse correlation between Γ and asteroid diameter D was derived (Delbo' et al., 2007) of the form:
where D is the diameter of a sphere with a volume equivalent to that of the asteroid shape. Equation 1 has also important consequences for the Yarkovsky effect, implying that that the orbital semimajor axis drift rate of MBAs due to the Yarkovsky effect is proportional to ∼D ξ−1 (Delbo' et al., 2007) In this work we present new determination of MBA thermal inertia from thermophysical modeling of data obtained by the Infrared Astronomical Satellite (IRAS). We focus on MBAs with D < 100 km in order to fill the gap of data between NEAs and the largest MBAs and improve our understating of the relation between thermal inertia and asteroid size.
In §2 we present the method used to derive the thermal inertia of MBAs from IRAS data and the selection of the targets. In §3 we describe the results obtained for each studied asteroid. Furthermore, in §4, we discuss our novel determination of asteroid thermal inertia values in the context of the aforementioned published results.
Thermophysical modeling of IRAS data
The Infrared Astronomical Satellites (IRAS) measured the thermal emission of more than 2200 asteroids. Asteroid thermal infrared fluxes measured by IRAS are available through the Planetary Data System on-line archives (Tedesco et al. , 2004 Lebofsky et al., 1986) . The STM assumes spherical, nonrotating bodies. In particular, this model assumes Γ=0, so that it can not be used to empirically constrain the thermal inertia.
However, for ∼70 MBAs, the Asteroid Models from Lightcurve Inversion database (hereafter AMLI, a catalogue of asteroid shapes and spin vector solutions) have been made available recently 2 . These models have been derived solving the inverse problem of determining the object's shape, its rotational state, and the scattering properties of its surface from optical lightcurves using a method developed by Mikko Kaasalainen and colleagues (see Kaasalainen et al., 2002 Kaasalainen et al., , 2001 Kaasalainen and Torppa, 2001 , and references therein).
Theses asteroid shapes and spin vector solutions can be used to perform thermophysical modeling of IRAS data, thereby allowing the derivation of sizes and thermal inertia values.
The thermal inertia of an asteroid can be derived by comparing measurements of its thermal-infrared flux to synthetic fluxes generated by means of a thermophysical model (TPM; Delbo' , 2004; Mueller , 2007, and references therein) .
A TPM uses the spin vector information to orient a mesh of planar facets (obtained from the AMLI) describing the shape of the asteroid at the time of each thermal infrared measurement. 
, where f Table 5 . Table 2 gives basic information about the physical properties of the objects along with the number of IRAS measurements and the range of observing dates. We note that, although shape uncertainties are difficult to be estimated from optical lightcurve inversion and that the constraint of convexity of the shapes from the AMLI data base plays a role in the calculation of the thermal infrared emission of these bodies, our results show that the global approximation of the shapes is in general adequate to provide a good fit of IRAS infrared measurements. However, in the case of of (73) ' et al., 2007; Harris et al., 2005 Harris et al., , 2007 Mueller , 2007; Mueller et al. , 2006 Mueller et al. , , 2004 Müller and Lagerros, 1998; Müller and Blommaert, 2004; Müller et al., 2004) plotted as function of objects' diameter. The thermal inertia of (54509) Spencer et al., 1989; Müller and Lagerros, 1998) .
We note that for (720) Bohlinia the first spin solution (λ p =33.09
our preferred one) provides a better fit to IRAS data than second the spin (2003) does not put any constraint on the retrograde rotators in the Koronis family. We note also, that due to very low inclination of the Koronis orbits any optical photometry dataset would not be able to distinguish between the two spin orientations, whereas the infrared data have the capability to break this degeneracy. Table 3 reports the best-fit effective diameters, D, derived by means of our TPM, for each of the studied body. Figure increases for smaller objects. While we caution that the data set is small, this correlation is intriguing and may be indicative of an effect due to the asteroid thermal properties: because we find that Γ increases with decreasing asteroid size, diameters of objects derived under the STM assumption of Γ=0 are less reliable the smaller they are. It is already known that for significant thermal inertia the STM underestimate the real sizes. The correlation we see in Fig. 2 might be due to this fact.
We leave a more detailed investigation of how SIMPS diameters compares with TPM ones and of the accuracy of the latter to a future work devoted to the derivation of sizes and thermal properties of all asteroids in the AMLI database and with IRAS data.
We underline here the potential of our approach: it is expected that shape and spin vector solutions will be derived from optical photometry obtained for instance by the mission Gaia of the European Space Agency for more than 10,000 asteroids (Mignard et al. , 2007) , or by ground based surveys such as Pan-STARRS (Durech et al., 2005) . Thermal infrared data will be soon available for more than 10,000 asteroids from space missions such as Spitzer, Akari, and WISE (see e.g. the work of Trilling et al., 2007) . The combination of the two data sets will enable us to use the TPMs and derive asteroid sizes and surface thermal inertia valuesdown to diameters of few km in the main belt.
Conclusions
We derived the thermal inertia values of 10 main belt asteroids in the size range between 30 and 100 km from thermophysical modeling of IRAS data. Our results indicate that thermal inertia increases with decreasing size more rapidly for main belt asteroids with diameters between 30 and 1000 km than for nearEarth asteroids smaller than 30 km. This might reflect the different regolith properties between the largest, likely primordial asteroid and the smaller ones, catastrophically disrupted and rebuilt during the age of the solar system. We also discuss the comparison between diameters from thermophysical modeling of IRAS data and SIMPS diameters for the asteroids included in this study. Tables and Table Captions Model Table 2 Selected main belt asteroids with SIMPS diameters D <100 km, with shape and spin vector solution from lightcurve inversion and a number of IRAS sightings N s ≥20. H is the absolute magnitude in the H − G system of Bowell et al. (1989) as given in the Minor Planet Center asteroid orbits data base and p V is the SIPMS geometric visible albedo (Tedesco et al. , 2002) . The last column reports the dates of the first and the last IRAS observations. Number Designation is trapped in a secular spin-orbit resonance which produces their paralelism in space. Our results bring the first observational evidence that this is the case.
Note also, that due to very low inclination of the Koronis orbits any optical photometry dataset would not be able to distinguish between the two spin models; it is very interesting that thermophysical modeling of infrared data have the capability to break this degeneracy. Table 4 AMLI spin vector models (downloaded in December 2007) of the asteroids studied in this work. λ p and β p are the ecliptic longitude and latitude of the pole, T is the rotation period of the asteroid in hours, φ 0 is the absolute rotational phase of the body at the epoch JD 0 . Table 1 ). The best-fit thermal inertia is the abscissa of the minimum χ 2 . An horizontal line is drawn at χ 2 =1. Admissible solution values for thermal inertia and surface roughness are defined by that portion of the curves with χ 2 ≤ 1. Top: AMLI shape and spin vector solution 1, bottom: AMLI solution 2 
